Combinations of hypnotics with or without opiates are commonly used in agitated patients. We hypothesized that combination of haloperidol-propofol in comparison with midazolam-propofol would lower consumption of propofol and lead to better hemodynamic and respiratory profile during sedation of agitated patients. Among 108 patients admitted in our ICU, 60 patients were agitated according to Ramsay Sedation Score (RSS) and randomly divided into two groups. Morphine sulfate (0.05 mg/kg) was administered to all patients for relief of postoperative pain. In one group, sedative infusion was started with 1 mg/h of haloperidol plus 25 μg/kg/ min of propofol after bolus injection of 2 mg haloperidol. In the other group, midazolam1 mg/h and propofol 25 μg/kg/min were infused after a bolus injection of 2 mg midazolam. Propofol infusion was adjusted to keep bi-spectral index between 61-80 and the RSS between 3-5. Hourly propofol consumption was recorded during 24 h of sedation and compared statistically. We also compared SpO 2 , arterial blood gas variables, hemodynamic parameters and episodes of respiratory depression (SpO 2 ≤85%) requiring respiratory support between the groups. Haloperidol, when added to propofol infusion, decreased its consumption at all the measured times (P = 0.001). There was no significant difference in hemodynamic variables between two groups, but the episodes of respiratory depression was significantly higher in propofol-midazolam group (P = 0.02). We conclude that haloperidol-propofol infusion decreases propofol requirements in the agitated patients. Besides, this combination showed a better profile in terms of occurrence of respiratory depression. 
complication. Long term propofol infusion may impose high costs on the patients and health care system and may cause side-effects such as hyperlipidemia, hyperamylasemia and pancreatitis. Higher dose and longer duration of propofol infusion are two risk factors causing these side-effects. [2] [3] [4] However, propofol administration may have some benefits as well. For example, propofol may have a stabilizing effect on the control of breathing. [5] Also, propofol has a potential to reduce oxidative stress. [6, 7] Compared with propofol, midazolam infusions have been associated with a decreased
INTRODUCTION
According to recent reports the incidence of psychotic disturbances after cardiac surgery varies from 3 to 72%, (1) depending on cardiac procedure performed and methodological issues of delirium diagnostics.
This disorder prolongs the Intensive Care Unit (ICU) stay and increases the longterm morbidity and mortality. Propofol or midazolam as sedative agents have been extensively used in order to manage this occurrence of hypotension but a more variable time course for recovery of functions after the cessation of its infusion. [8] On the other hand, continuous infusion of haloperidol effectively controls delirium in critically ill patients and is the drug of choice for short-term control of such cases with rare reported side-effects. [9] According to a report, administration of haloperidol may decrease the requirements for bolus injection of sedatives and may also reduce wasting of nursing time and energy in order to manage this problem. [10] Different combinations of drugs are frequently used in clinical anesthesia because of their synergistic effects and reduction of the dose of each individual drug, which in turn may decrease side-effects. Combination of propofol-midazolam have been used for monitored anesthetic care of patients during spinal anesthesia with success in one study. [11] According to another report, it is speculated that the combination of midazolam-propofol may achieve better results when compared with each of the aforementioned drugs alone. [12] With regard to another study, the combination of hypnotic drugs must be individualized based on the conditions of every critically ill patient. [13] Considering the above-mentioned facts and because the combination of haloperidol-propofol has not been studied yet for sedation in the ICU, we conducted a prospective study to assess the combination of propofol and haloperidol infusion versus propofol and midazolam. We hypothesized that the combination of haloperidolpropofol may lead to lower propofol requirement with more stable hemodynamic and better respiratory profile in comparison with midazolam-propofol combination.
MATERIALS AND METHODS
After approval of the ethics committee of the Research Deputy of the University, this prospective, double-blind, randomized trial was conducted in the open heart ICU at Tehran Heart Center between March 2009 and August 2010. Informed consent was taken in the preoperative period from all patients who were candidates for open heart surgery. One hundred and eight patients were assessed and 60 cases (56%) were eligible to be enrolled in this study according to our inclusion criteria (Ramsay Sedation Score [RSS] = 1). The exclusion criteria were patients who have already received long-term opioid analgesia for any cause, those with a plan to shortly return to the operating room, those likely to require ongoing endotracheal intubation and mechanical ventilation and patients whose neurologic condition or responses could be difficult to evaluate. Other exclusion criteria included any history of allergy to egg products or propofol itself or history of hyperlipidemia or pancreatitis and history of torsades de pointes or existence of long QT interval in ECG.
All eligible patients (RSS = 1) were randomized into two groups to receive different sedative protocols. Morphine sulphate, 0.05 mg/kg was injected IV to both groups of patients to relieve postoperative surgical pain, and repeated every 6 h up to the end of the study. In the haloperidol group, infusions of 1 mg/h of haloperidol combined with 25 µg/ kg/min of propofol were started after bolus injection of 2 mg of haloperidol. In the midazolam group, bolus injection of 2 mg of midazolam was followed by infusion of 1 mg/h of midazolam and 25 µ/kg/min of propofol. The monitoring protocol in both the groups included electrocardiogram, invasive and noninvasive blood pressure, pulse oxymetry and hourly arterial blood gas measurement. Level of consciousness was measured hourly by the bi-spectral index (BIS ® ); the degree of sedation was also calculated hourly using the RSS as the means for adjusting propofol infusion rate. The propofol infusion rate was tightly adjusted every hour in order to keep the BIS average values between 60 and 80 and the RSS from three to five. As much as 5 µg/ kg/min increase or decrease was allowed each time if indicated. Evaluation of the patients and manipulation of propofol infusion rate to meet therapeutic protocols was performed by an intensivist who was blinded to the study. In every patient, the infusion rate of propofol was recorded every hour, and hourly consumption of propofol in milligram was also calculated and then statistically compared between the two groups. SpO 2 , hemodynamic variables and arterial blood gas parameters were recorded every hour during the study. Based on SpO 2 monitoring of all patients, the number of episodes of respiratory depression (SpO 2 < 85%) requiring transient respiratory support in the form of noninvasive Bilevel Positive Airway Pressure/ (BIPAP/ CPAP) ventilation were recorded and compared between the groups. After 24 h, the infusion of sedative drugs was tapered gradually during 3 h, and then stopped.
Statistical Analysis
Statistical comparison was done by Microsoft excel software using analysis of covariance between the groups. With regard to "Power = 80%" and "α = 0.05," the required sample size was estimated to be 30 cases in each group. A P-value less than 0.05 was considered statistically significant.
RESULTS
The study progress flow chart is depicted in Figure 1 . The baseline characteristics and demographics of patients in the two groups were comparable [ Table 1 ]. The mean propofol consumption per hour during the 24 h of study was 60 ± 24 mg/h in the haloperidol group, which was significantly lower than the midazolam group, which was 140 ± 19 mg/h (P = 0.001) [ Figure 2 ]. Compared with baseline measurements, lower mean arterial pressures and heart rates were recorded throughout the study in both groups; there was no significant difference in hemodynamic parameters, SpO 2 and arterial blood gases. The incidence of respiratory depression requiring respiratory support were significantly higher in the midazolam-propofol group (P = 0.02) [ Tables 2 and 3 ].
DISCUSSION
Large-sized surgical incision, old age, medical comorbidities and inflammatory reactions due to cardiopulmonary bypass pump attachment are some of the main causes responsible for the high incidence of agitation and transient cerebral complications after open heart surgery. [14] To reduce the risk of self-induced injury and prevention of oxygen overconsumption due to agitation and hyperactivity administration of sedatives is recommended. Numerous drugs including midazolam, haloperidol, propofol and dexmedetomidine have been used to induce sedation in different groups of patients admitted in the ICU. [15] [16] [17] [18] Each drug has its own benefits and side-effects. As a general principle, it is accepted that when higher dosage of a drugs is administrated, it is more likely to be associated with side-effects. Thus, a combination of medications with synergistic effects is used. Midazolam is an agent with low risk of respiratory and hemodynamic complications and acceptable risk of amnesia; however, its infusion can cause prolonged drowsiness, especially in the elderly. On the other hand, when used in combination with propofol it has a synergistic effect, which increases the risk of respiratory depression. In addition, midazolam administration can exacerbate agitation and even delirium. [19] Propofol is a good choice for infusion due to its short half-life; however, its respiratory complications are more likely following high-dose infusion in comparison with midazolam. Additionally, there are concerns about its cost and complications attributed to its long-term administration, including hyperlipidemia, pancreatitis and propofol syndrome. Similar to midazolam, propofol can also exacerbate delirium, [19] which is the main cited mechanism of agitation in post open heart surgery ICU patients. Haloperidol is the drug of choice when aggressive behavior is the dominant feature; and it can be considered a useful choice for these cases as compared to propofol and midazolam. However, these patients generally suffer from multiple underlying cardiovascular problems, which limit its use as a single drug. Therefore, it is often preferred to use haloperidol in conjunction with another hypnotic drug such as propofol. No significant difference were found regarding cardiovascular complications between the groups of our study, but the respiratory complications were significantly less in the haloperidol-propofol group.
Two potential mechanisms may contribute to this beneficial effect: 1. The synergistic effect of haloperidol with propofol leads to satisfactory behavior control with lower doses of propofol, which would have reduced its respiratory complications. 2. Some studies have shown that haloperidol may enhance hypoxia induced increases in ventilation in animals and humans because of its antidopaminergic effects at the carotid body. [20] [21] [22] [23] [24] This can further justify the significant difference found in respiratory complications between the groups in our study.
We can thus conclude that the combination of haloperidol and propofol may reduce the likelihood of respiratory side-effects attributed to propofol, and provide adequate sedation for the agitated / delirious patients admitted in the post open heart ICU. No additional cardiovascular complications were found in the cases treated with haloperidol-propofol combination in comparison with the midazolampropofol group.
The major limitation is that only the post open heart surgical agitated patients were enrolled in this study; therefore, the results are only applicable to these patients. The other limitation is that the patients were not checked regarding the incidence of hyperlipidemia and hyperamylasemia. However, the duration and dose of propofol infusion of the cases included in this study is not expected to cause these complications. Also, the admission duration of the patients in the ICU was not recorded in our study, which can be considered as another potential drawback of this research.
CONCLUSION
Sedating the agitated patients with the haloperidolpropofol combination allow use of lower doses of propofol in comparison with midazolam-propofol combination, and can be suggested as a suitable strategy for sedation in the agitated patients admitted in the post open heart surgery ICU. The combination of haloperidol-propofol reduces the rate of respiratory complications attributed to the previous sedative hypnotic combinations. 
